Introduction
============

Myocardial ischemia is one of the most prevalent cause of acute heart failure (AHF).[@B1][@B2] Ascertaining myocardial ischemia is essential to treatment and prognosis.[@B3],[@B4],[@B5] Patients with ischemic etiology may benefit from revascularization and show different response to drug treatment.[@B6][@B7] Furthermore, ischemic origin has a poorer prognosis and the mechanism of sudden death may differ between ischemic and nonischemic heart failure patients,[@B8] further emphasizing the potential importance of accurate differential diagnosis between origins. Clinically, it often is difficult to distinguish patients with and without underlying coronary artery disease (CAD) as the cause of AHF in the absence of a prior history of CAD or typical electrocardiogram (ECG) changes and elevation of cardiac enzyme suggesting diagnosis of acute coronary syndrome (ACS). Regional wall motion abnormalities (RWMAs) on echocardiography are known to be useful to detect CAD, however, some patients show global hypokinesis rather than RWMA.[@B9] Although noninvasive functional testing, i.e., stress radionuclide perfusion imaging, stress echocardiography testing, or cardiovascular magnetic resonance imaging has been recommended to detect CAD,[@B10] these tests cannot be done on bedside nor immediately after admission. Myocardial contrast echocardiography (MCE) uses intravenously administered contrast agent that traverses the microvasculature and several studies have shown accuracy of MCE in detecting flow-limiting CAD in patients with suspected CAD during vasodilator stress.[@B11],[@B12],[@B13] However, MCE with vasodilator stress is also not feasible in acute setting in patients with AHF. In one study, it took a mean of 9 ± 2 days after admission to perform MCE with dipyridamole stress in patients with AHF.[@B14] Therefore, early implementation of medications that usually not recommended in AHF patients such as antiplatelet agents or statins could be delayed.

A study with the blood perfusion imaging obtained in the basal condition by positron emission tomography have shown reduced blood flow distribution in patients with ischemic cardiomyopathy compared with normal blood flow in patients with idiopathic cardiomyopathy.[@B15] We hypothesized that resting MCE performed immediately after admission in patients with decreased LV ejection fraction (LVEF) may also be able to classify patients with myocardial ischemia. In this study, we sought to investigate the feasibility and usefulness of resting MCE for the early detection of flow-limiting CAD in patients presenting with first onset of AHF not caused by acute myocardial infarction (AMI).

Methods
=======

Patients
--------

Consecutive patients presenting to the hospital with newonset significant dyspnea and a clinical diagnosis of heart failure based on Framingham criteria and whose baseline echocardiography showed decreased LV systolic function (LVEF \< 45%) without RWMA (i.e., global hypokinesis) were included in the study. Patients excluded from the study were those with typical ST elevation or ST depression on ECG with creatine kinase rise of more than twice the normal values, past history of documented AMI, history of significant valvular heart disease, myocardial revascularization, or ACSs. The study was approved by the Institutional Ethics Committee and conducted according to the Declaration of Helsinki.

Study design
------------

A standard 12-lead ECG at the time of admission was recorded. All patients underwent transthoracic echocardiography in standard apical and parasternal views (M3S probe, Vivid 7 GE Healthcare, Horten, Norway) to assess RWMAs and global LVEF within 24 hours of admission. MCE was performed in patients who showed global hypokinesis at a mean 1 ± 1 days. For this pilot study, the data of 21 patients who underwent coronary arteriography before discharge from hospital were analyzed, although resting MCE was performed in 33 individuals during study period.

MCE study
---------

MCE was performed in the 3 apical views (i.e., apical 4-, 2-, and 3-chamber views) using low-power-continuous, power-modulation MCE at a mechanical index (MI) of 0.11. Background gains were set so than minimal tissue signal was seen. The color gains were then adjusted so that no Doppler signal was seen except at the mitral valve and proximal to apex. All patients underwent infusion of Definity (Lantheus Medical Imaging, Inc., North Billerica, MA, USA) at a rate of 240 mL/h, maintaining a homogenous contrast enhancement in the myocardium with no attenuation. Depletion-replenishment technique was used, in which a brief high-MI (1.2) \"flash\" impulse (duration 5-10 frames) was manually triggered, followed by low MI (MI = 0.11) imaging for up to 15 cardiac cycles. Nonstandard apical views were used, if required, to attempt to overcome basal attenuation artifacts. In large hearts, each myocardial wall (i.e., inferior and anterior walls) was imaged separately when artifacts were observed in the peripheral fields.

Image analysis
--------------

The myocardial segments were assigned to the coronary artery perfusion territories. A semiquantitative scoring system was used as follows: homogenous contrast perfusion = 2; partial/patchy contrast perfusion = 1; and absent contrast perfusion = 0.

Quantification of resting MCE images was performed off-line on a PC workstation. Analyses of the cineloops were performed blinded in random order using EchoPAC PC™ (GE Vingmed Ultrasound, Horten, Norway). Measurement of mean signal intensity (dB) was done in manually placed, equally sized and shaped regions of interest (ROI) in the 16 standard myocardial segments, plus the two apical segments of the apical long-axis view.[@B16] When necessary, their position was slightly adjusted to compensate for translation of the heart. The depth of the ROI was not changed. The myocardial signal intensity (SI) was plotted against time (t) and fitted to the exponential function: y (t) = A (1 - e^-β(t-t0)^) + C, where y is SI at any time during contrast replenishment, \"A, dB\" is the plateau SI corresponding to the microvascular cross-sectional area or myocardial blood volume, \"β, Sec^-1^\" represented the rate of rise to the plateau reflecting myocardial blood velocity, \"C\" is the intercept at the origin reflecting the background intensity level. The introduction of t~0~ simply reflects that the analysis software allowed one to choose where to set t = 0. To further compensate for possible non-zero initial value after flash, the constant C was added, implicating that the curve fitting was relatively independent of background myocardial SI. Segmental values of A and β were derived from the replenishment cycles by careful frame-by-frame analysis. The product of A × β reflected an index of myocardial blood flow (MBF).[@B17]

MCE images were analyzed separately by independent observers who were blinded to clinical, angiographic, and other respective imaging data. Qualitative and quantitative MCE data were also analyzed separately by two different observers.

Coronary arteriography
----------------------

Significant CAD was defined as the presence of \> 70% luminal diameter narrowing of ≥ 1 major epicardial arteries or major branches.

Statistical analysis
--------------------

Continuous variables were analyzed using Student\'s t-test, and dichotomous variables were analyzed using the chi square test. Data showed as mean ± standard deviations (SD) or number (%), and all variables that had a *p* value of 0.05 or less were considered statistically significant. We used statistical package SPSS version 19.0 (SPSS Inc., Chicago, IL, USA).

Results
=======

Patient demography
------------------

[Table 1](#T1){ref-type="table"} describes the study population. Of the 21 patients (mean age 56.6 ± 13.6 years, range 37-81), 5 (23.8%) demonstrated flow-limiting CAD (\> 70% of luminal diameter narrowing). There were no significant differences in patient demography, coronary risk factors, and echocardiographic parameters including LVEF ([Table 2](#T2){ref-type="table"}) in patients with and without CAD. The mean ± SD of LVEF and LV internal dimensions (diastole/systole) were 29.6 ± 8.6% and 60.8 ± 9.0/51.1 ± 9.5 mm, respectively, and the mean ± SD B-type natriuretic peptide level at admission was 1897.9 ± 1319.1 pg/dL.

MCE
---

Ultrasound contrast agents were administered to all 21 patients. There were no immediate or short-term (≤ 24 h) adverse events from contrast infusion.

From qualitative MCE analysis, only one patient showed partial perfusion in basal inferior, mid-inferior, basal inferolateral and mid inferolateral wall whose coronary arteriography confirmed the total occlusion of right coronary artery (RCA) and left circumflex artery (LCx) with 70% stenosis in mid left anterior descending artery (LAD) ([Fig. 1](#F1){ref-type="fig"}). The patient was an old lady (81 years old), and refused the coronary bypass graft surgery.

Quantitative MCE analysis was feasible in 258 of 378 segments (68.3%) \[97 of 126 (77.0%) segments in the 4-chamber view, 81 of 126 segments (64.3%) in the 2-chamber view, and 80 of 126 segments (63.5%) in the 3-chamber view\]. The most frequent dropouts were observed in the basal segments of the lateral and anterior wall. According to coronary artery perfusion territories, quantitative analysis was feasible in 143 of 231 (61.9%) segments in the LAD territory, 56 of 84 (66.7%) of LCx territory, and 59 of 63 (93.7%) segments of RCA territory.

MCE parameters of A, β, and Aβ are shown in [Table 3](#T3){ref-type="table"}. \"A\" value was significantly higher in patient with CAD (*p* = 0.010) and there were no significant difference in \"β\" and \"Aβ\" in patients without and with CAD (0.48 ± 0.27 vs. 0.45 ± 0.25, *p* = 0.453 for β and 2.99 ± 2.23 vs. 3.68 ± 3.13, *p* = 0.059 for Aβ, respectively).

Discussion
==========

We hypothesized that resting MCE may help to classify patients with flow-limiting CAD presenting with an unknown cause of AHF with decreased LVEF. Resting quantitative MCE analysis was feasible, however, neither qualitative nor quantitative data of MCE helped to differentiate patients with CAD from patients without CAD.

In our study, a quarter of patients presenting AHF showed significant coronary artery stenosis (\> 70%). This is relatively small numbers, for in OPTIMIZE-HF study, 66% of patients with LV systolic dysfunction carried a diagnosis of CAD.[@B7] We included only patients who had no known risk factors of indicating CAD (ischemic symptom, electrocardiographic change, rise of cardiac enzyme and RWMA in baseline echocardiography), because detection of CAD is most challenging in such patients. We found that many patients showed RWMA in baseline echocardiography or had elevated cardiac enzyme on admission, so only small number of patients matched the inclusion criteria of the study. However, one may be able to assume that if baseline echocardiography in patients with no clinical evidence indicating CAD showed decreased LVEF and global hypokinesis, CAD is accompanied with relatively low probability, based on this result.

Quantitative MCE analysis was feasible in 68.3% of LV segments. This low feasibility has been reported by other groups.[@B16][@B18] If the study subjects were not screened for echocardiographic image quality, feasibility of quantitative analysis was around 70%, and this may reflect the real-world setting of performing MCE.

Resting MCE did not distinguish patients with CAD from patients without CAD. There could be two explanations for this negative result. One is that resting MBF velocity may be normal despite the presence of coronary artery stenosis because of coronary arteriolar vasodilation or collateral MBF from non-flow limiting coronary arteries.[@B19][@B20] Vasodilator stress can help the detection of CAD based on the occurrence of reversible perfusion defects, because myocardial blood flow velocity increases with vasodilator and MBF velocity reserve decreases with coronary artery stenosis.[@B21] Many studies including of which aim was to differentiate ischemic cardiomyopathy from nonischemic cardiomyopathy showed that perfusion was also decreased in nonischemic cardiomyopathy.[@B14][@B22][@B23] Abdelmoneim et al.[@B24] proposed wall motion abnormality in Takotsubo cardiomyopathy could be made by microvascular dysfunction as evidenced by abnormal myocardial perfusion detected in MCE. In our study, the cause of LV systolic dysfunction is not known yet, although hypertensive cardiomyopathy or idiopathic cardiomyopathy could be the most probable diagnosis. In acute stage of heart failure, myocardial perfusion became abnormal even without significant coronary artery stenosis, and that can be the other explanation of no differences of myocardial velocity (β) and MBF (Aβ) between patients with and without CAD in our study.

The present study had several limitations. First, the population was small and thus, these negative findings could be caused by a low statistical power. Because some reports showed RWMA is not sensitive for detection of CAD in patients with dilated LV, exclusion of patients with RWMA could make this study have less power. Second, only resting MCE was considered in our study. Some reports showed diagnostic value of stress MCE for the detection of CAD, however, in acute setting, it is impossible to perform stress test in patients with AHF. So, this study was designed to perform resting MCE only, immediately after admission.

In conclusion, relatively small number of patients had CAD in patients with decreased LV systolic function with global hypokinesis. Resting quantitative MCE analysis was feasible in patients presenting as AHF, however, qualitative or quantitative data of MCE did not aid to differentiate patients with CAD from patients without CAD.
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Patients demographic data, heart rate, and BNP in patients without and with significant CAD (\> 70% diameter stenosis)
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BNP: B-type natriuretic peptide, CAD: coronary artery disease, LAD: left anterior descending artery, RCA: right coronary artery, LCx: left circumflex artery
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Echocardiographic parameters in patients without and with significant CAD
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CAD: coronary artery disease, LV: left ventricle, IVS: interventricular septum, PW: posterior wall, LA: left atrium
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MCE parameters of A, β, and Aβ between patients with and without significant CAD
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MCE: myocardial contrast echocardiography, CAD: coronary artery disease
